In this paper, we will discuss how to choose heating units using the utility function. This paper is conceived as a detailed continuation of the analysis made by the authors in their doctoral thesis. This paper is among the first tries of this type from Romania. A case study shows the practical application of this algorithm, and the results obtained were compared to the results obtained by other authors. The paper ends with the presentation of the numerical results and a few conclusions. We are also presenting several directions for future research in this field.
INTRODUCTION
As there is a diverse range of fittings for construction, it is more and more difficult to fundament a decision on how to choose fittings for construction. Thus, in practice, in order to solve such problems, one uses the multi-criteria analysis.
Multi-criteria analysis represents a useful instrument for the decision maker when there are many decisional variants.
In the scholarly literature there are several methods for establishing the weight of the decision making criteria, there are several calculation formulas used in order to normalize the performances of the decision making variants in relation with each decision making criterion, and there are also several methods for substantiating the decisions and obviously, applying different methods may lead to slightly different results.
In this article, we used the utility function in order to analyze the method of choosing heating units.
MATERIALS AND METHODS

Knowledge status
At present, the decision maker may use many multi-criteria methods, each one of them pretending to be the ideal one for correctly solving a multi-criteria decision problem (Ciocalteu, 2006) .
In Romania, multi-criteria methods are well known (Roman, 2012) , however there are few studies about their use in the field of installations for constructions (Aşchilean, 2010 (Aşchilean, , 2014 , (Giurca, 2009b) , (Munteanu, 2003) . Starting with 1996, studies about how to choose boilers and heating units using multicriteria methods started to appear in Romania too (Badea and Bacoţiu, 1998) , (Berbecaru, 1996) , (Căldare, I. and Căldare, Ş., 2011) , (Giurca, 2009a (Giurca, , 2009b , (Ilina and Lungu, 2000) , (GT 038-02, 2002 ).
The main individual criterion and multi-criteria methods used for substantiating the decision in the field of fittings for construction are the following (Giurca, 2009b) :
-the method of ordinal individual criterion ranks; -the method of ordinal multi-criteria ranks; -the method of real ranks; -the method of the complex quality index; -the method of the complex quality and economic efficiency index; -the global performance assessment method; -the utility method; -the AHP method; -the Electre method; -the Onicescu method; 48 -the Promethee method; -the maximum score method.
The global utility function was elaborated by two researchers, namely J. von Neumann and O. Morgenstern, in 1947 (Ogarca, 2007) .
The usability concept measures the importance given by the decision maker to a certain decision making variant out of a multitude of variants (Ogarca, 2007) .
The decisional utility represents the decision maker's degree of satisfaction after the accomplishment of a certain consequence of the chosen variant.
For example utility method can be used in various fields, namely in the military (Petca, 2004) , (Ştefănescu, 2005) , in the bakery (Ogarca, 2007) , in the engineering industry (Anghelache, 2006) and automotive (Şuteu, nd). This paper is conceived as a detailed continuation of the analysis performed by the authors in their doctoral thesis.
Stages
Stages to be completed in the case of global utility function are the following (Image 1):
-determining the decisional versions, it supposes the elaboration of the list containing the technical solutions appropriate for the case study; -determining the decisional criteria, it supposes the identification of the decision making criteria for which one has the information on the performances obtained by the decision making variants; -determining the importance coefficients corresponding to decisional criteria, using, for this purpose, the matrix method; -filling in the consequence matrix (of performances), it supposes to fill in a table comprising the values of the performances obtained by each variant, according to each corresponding criterion; -filling in the utility matrix, it supposes to fill in a table with the values of the usability corresponding to all variants, for each and every criterion; -choosing the optimal version, it supposes to choose the specific variant for which the greatest usability is obtained.
Image 1. Stages of global utility function
Calculation algorithm
When there are several decisional criteria, therefore certain consequences that may be expressed by different measuring units, one may use the utility in order to measure the degree in which one version is preferred to another one. Therefore, the problem is how to transform all consequences into utilities that must correctly prioritize the decisional versions (Petca, nd.) .
a) Utility calculation
Depending on the nature of the criteria, the utilities will be calculated according to the following formulas (Petca, nd.):
Maximizing criteria: 
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Minimizing criteria:
where: uij represents the usability of the i variant according to the j criterion; amax j -the maximum performance obtained by the analyzed variants, according to the j criterion; amin j -the minimum performance obtained by the analyzed variants, according to the j criterion; aij -the performance obtained by the i variant according to the j criterion.
One utility corresponds to each consequence (Petca, nd.) .
The usability shall take values comprised in the [0, 1] range.
b) Choosing optimal version
Importance coefficients of the criteria may be identical or differentiated.
b.1 According to this method, if the importance coefficients of the criteria are identical (which have equal values), the optimal version corresponds to the one for which the utility sum is maximum, i.e. (Costea, 1996) -(Petca, nd.):
where: Uij represents the utility of "i" version according to the "j" criterion (Petca, nd.) . b.2 If the value of the importance coefficients is different for the decisional criteria, the optimal version is the one for which the sum of the products between the utilities and the importance coefficients is maximum, i.e. (Costea, 1996) , (Petca, nd.) : (4) where: Kj represents the importance share of the decisional criteria.
The importance weight of the decision making criteria shall be established using the matrix method.
One shall elaborate a matrix containing the decision making criteria on the row as well as on the column, and the matrix elements shall be established as follows: -value 0 if the i criterion is less important than the j criterion, -value 0.5 if the i criterion is just as important as the j criterion, -value 1 if the i criterion is more important than the j criterion; -value 1 on the matrix diagonal.
Then, one shall calculate, for each row, the sum of values corresponding to each and every criterion. Moving on, one shall determine the weights corresponding to the decision making criteria in relation to the total value. Obviously, the sum of the importance coefficients must equal the digit one, and the importance coefficients shall take values comprised within the [0, 1] range.
RESULTS AND DISCUSSIONS
Case study
We present bellow a case study related to how to choose heating units using the utility function.
The data presented in table 1, table 2 and table 3 were taken over directly from the paper (Ilina and Lungu, 2000) .
Set of decisional versions
We take into account 4 mini-heating units marked P1, P2, P3 and P4 (Ilina and Lungu, 2000) .
In 
Set of decisional criteria
Out of the set of characteristics of one mini-heating unit, we have chosen as analysis characteristics: lifespan, nominal thermal power, nominal output, automation degree, accessories, template, electrical power, noise level and price.
In order to make this study, the following classification of the above mentioned features is also useful, namely:
-features directly proportional to the product's quality (the bigger is the value of the quantity associated to the feature, the more product quality increases): lifespan, nominal thermal power, nominal output, automation degree, accessories;
-features inversely proportional to the product quality (the smaller is the value of the quantity associated to the feature, the more product quality increases): template, electrical power, noise level, price (Ilina and Lungu, 2000) .
We set the following objectives:
-maximization of the lifespan of heat-only boiler stations in order to cut the costs during the product's lifespan, C1 criterion; -maximization of the nominal thermal power of the heat-only boiler stations, C2 criterion; 
Set of assessment criteria consequences
The consequence matrix (table no. 3) contains the values of the quantities characterizing these products (price, nominal thermal power, template, etc.). The values necessary for the study are offered directly by the manufacturer in the documentation. For other features (automation degree and accessories), an assessment is made based on the information found in the documentation, using grades from 1 to 3 (where 1 is the lowest grade and 3 is the highest grade) (Ilina and Lungu, 2000) .
For the example studied, the data obtained shall be centralized in table no. 3. 
The obtained results
We established the importance coefficients using the matrix method, and we presented the results in table no. 4.
After making the necessary calculations, the results were synthesized in the utility matrix. For details, please see the table no. 5. Table 7 . Ranking technical solutions depending on the global utility
Discussions
After analyzing the data presented in table no. 6 and table no. 7, we noticed that in the case of the analysis of versions depending on the sum of utilities, as well as in the case of the analysis of versions depending on the global utility, the ranking of the technical solutions is the same.
Analyzing the ranking obtained in this paper by using the utility function, and the ranking determined by the authors in the papers (Giurca, 2009a (Giurca, , 2009b , where he used three multicriteria methods, namely the comparative analysis method, the complex quality indicator method and the complex quality and economic efficiency indicator method.
Also in the works (Giurca, 2009a (Giurca, , 2009b ) for complex quality indicator method and complex method indicator of quality and economic efficiency, significant coefficients were determined using the method of experts and the matrix method and synthesis of the results is presented in (Giurca, 2009a; Giurca, 2009b) Resulted that using different multi-criteria methods may lead to obtaining different results, even when the various technical solutions were analyzed based on the same consequences.
The results obtained were also compared to the results obtained by other authors (Ilina and Lungu, 2000) , and the conclusion is that the multi-criteria method may influence the final ranking of the technical solutions.
CONCLUSIONS
When choosing technical solutions based on multi-criteria methods, the final ranking may be influenced by the multicriteria method used.
From the simulations made by the authors, it results that the multi-criteria methods may offer important information related to the selection of the best technical solution.
The method presented may be used for: -designing central heating systems; -assessing the performance of various types of materials from the field of installations for constructions; -assessing the performance of materials form other fields of activity.
The results from the analysis that the method can be used utilities in the background and optimize decision from various fields.
